Abslmet-This paper gives an extension of the absolute stability analysis of systems whose forward path contains a linear time-invariant subsystem with uncertain coeflicients and whose feedback path contains fl conic nonlinearity. The results Provide a domain interpretation of stability that can be of importance in compensator design and robust stability analysis in nonlinear systems.
B. The Second Second Derivative Term
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These are all of the objects necessary to calculate the Hessian matrix of the log-likelihood function, given the system matrices and their first and second derivatives. (LTI) subsystem and a feedback path containing a sector bounded nonlinearity, sometimes called a Lur'e System. This type of system is relatively well understood, and several sufficient conditions for absolute stability have been formulated through the application of Lyapunov and input-output methods, [ 11, [2] . Using input-output methods two types of stability conditions have been reported: those based on the Passivity Theorem, and those based on the Small Gain Theorem. In the earlier work the LTI subsystem was assumed to be known without uncertainty, and it is only recently that extensions which account for uncertainties in the linear element have appeared in the literature. Passivity methods in particular have received attention using the concept of Strict Positive Realness (SPR) for interval plants.
In [4] it was proven that a linear time invariant plant g( s) containing uncertainties in the coefficients of its transfer function is SPR if and only if the 16 combinations of Kharitonov polynomials associated with the numerator and denominator of g(s) are SPR. In the sequel we will refer to this set of combinations as the Khan'tonov System associated with g(s). In [5] , a condition for absolute stability of a Lur'e type system was derived based on the concept of SPR transfer functions when the LTI element contains parametric uncertainty and the nonlinear element is time-varying and memoryless. This result was extended in [6] to the case of an interval plant cascaded with a fixed parameter controller and a general stability result that includes causal and noncausal multipliers was recently solved in [7] .
In this paper we derive stability conditions for the system, S, shown in Fig. 1 , where H I represents the composition product of a LTI plant containing parametric uncertainties and a fixed LTI controller and HZ represents a nonlinearity that satisfies a conic sector relation. Our main results are the derivation of a circle criterion which guarantees boundedness (Theorem 3.1) and continuity (Corollary 3.2) of the closed loop system. Our methodology differs from that in references [4] - [7] in that our proofs are based on the Small Gain Theorem rather than strict positive realness. Our circle criterion does not require the linear subsystem to be open loop stable as is the case when the results are based on strict positive realness. The so-called circle condition derived in [6] corresponds to nonlinearities that belong to the sector [0, ]E] (case (b) in our Theorem 3.1), which requires the linear plant to be open loop stable and produces an abnormal circle condition, i.e., a circle which degenerates into a half plane. In general, stability results based on the Passivity Theorem (or strict positive realness) do not produce circles conditions in the complex plane. Another important feature of our results is the clear distinction between boundedness and continuity of the closed loop system. This difference is of fundamental importance since continuity is always desirable in feedback systems. For example, it is possible that the system of Fig. 1 satisfies the condition for boundedness but still has undesirable effects such as jump resonance. Jump resonance is guaranteed not to exist if the system satisfies the continuity condition [3] .
II. PRELIMINARIES
We will clarify the notation of the paper in this section and refer the reader to [l] , [3] , [8] , [9] for a more thorough exposition. Let In the sequel we will drop the subindex 2, and denote -yz (G) = y(G),
Consider now the family, 3 6 , of real interval polynomials, 
6(s)
Associated with this family we define the Kharitonov Systems GK by 
and rz(G) = r(G). 2) , (1, 3), (2, 4), (3, 4) ). K,", is defined similarly.
Finally GCB represents the subset of G defined by 2) In the special case when X (s) and Y (5) are either both even or odd, then it is enough that X (9) and Y (s) stabilize the finite set of 16 Kharitonov systems GK. 
The Generalized Nyquist Diagram consists of the aggregate of all loci above for i = 1, 2,. . . ,32. The GND is said to encircle the point P = ( U * , b*), n-times in a specified direction if the mapping of each G: encircles the point P n-times in the specified direction. For this circle, condition a) of Theorem 3.1 is not satisfied therefore the system is not continuous. H; = Hz -9.
(3.2)
The system, S, is stable iff S' is stable. Thus stability of the system S can be analyzed using the transformed system, S'. The significance is that the loop transformation of Fig. 5 has a considerable effect on the nonlinearity. Namely, if H2 E {a, p}, then H4 E { -T , T } . 
Thus y ( H 4 )
T ( H i ) = Sup, IK(ju)GcB(ju)[1+ q K ( j u ) G C B ( j u ) ] -' / . (3.3)
Condition ii) is, therefore, equivalent to
K ( j w ) G c~( j u )
= z + jy, then (3.4) may be written in the form 
IV. CONCLUSION
In this paper we derived a circle criterion for absolute stability of systems containing a linear time-invariant subsystem in the forward path with parametric uncertainties and a conic nonlinearity in the feedback path. The main results are Theorem 3.1 and Corollary 3.2 which make a clear distinction between boundedness and continuity of the closed loop system. For the class of systems considered Theorem 3.1 is one of the most general of its type, making very mild assumptions on the nonlinearity, i.e., the only requirement is that Hz belongs to the sector {a, p}, otherwise it can be time varying and it can have memory. Corollary 3.2 requires further knowledge of the nonlinear characteristic of H z . The advantage of this result over Theorem 3.1 is that it gives additional information about the type of behavior that can be expected from the closed loop system. In particular continuity is a desirable system property that ensures small inputs produce small outputs.
Since the stability results in this paper provide sufficient but not necessary conditions for boundedness and continuity, there is a risk of excessive conservativism. Rather than using the Small Gain Theorem, an alternate approach which may result in less conservativism is the application of the Passivity Theorem, used in conjunction with multipliers. This has been recently exploited by the authors in [7] , where the general stability problem in the presence of causal and noncausal multipliers was solved. The disadvantage of this approach is that the introduction of multipliers in the loop obscures the familiar frequency domain interpretation that can be obtained using the Small Gain Theorem. By Lemma 2.1 of [lo] we have 
I. INTRODUCTION
In recent years, there has been a growing interest in the study of properties of families of polynomials, mainly due to connections of these studies with robust control [1]- [3] . A related topic which has pushed this area is the study of invariance of the strict positive realness (SPR) property of rational functions with respect to numerator and denominator perturbations. This issue is relevant to the design of adaptive schemes and the analysis of absolute stability of nonlinear Lur'e systems (see e.g., [4] 
